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FOREWORD

RBaoth ISIS (Ruthenord Appleton Laboratory) spallaticn source and the Fos Alunos
Neuwtton Scattering, Center (LANSCE), were designed o produce neutions as a
result of an X0 MceV proton beam being incident on a tupet. Both systems are

intended o aceept beam intensities up to 200 gA.

Cryopenic mexdetators of hguid hydropen amid methane are cither e use on e

planned ter service at both facilities.

Very low temperate methane would be anadeal moderanng matenal as ot hasca
haph hvdropen densaty and imany low hequeney maodes whieh tacilivate
themuhzanon Soch moderator e m service i two nsgor warkd facihines, Bk

Chapam and Arponoe Saanonmal Tabortory (LIS



Unforiunately solid methane has very low themal conductuvity and s subpect o
rdiation damage maning a moderator of this tvpe mmpractcal tor ese i high
intensity beam such s indicated above, This repart outlines a possible alternative

using small spheres ol sold methane ma mamx ol superentical hydrogen at 2y K
GENERAL APPROACH

A novel method of building a low wemperatare miethane maoderator might be o ise
small spheres in a flowing medium of supereritical hydrogen at 25 K. Inital
calculations indicate that a diameter ol 1S inm i hout the optimum size. At 2(X)
HA, such a sphere would receive shout 1O mW of neutron energy, and the heat
thux from the inner core to the outer surface, assuming a wemperature gradient of
30 K, would be about 1.25 mW for an outer surface temperature of 25 Ko s
would mean a maximum temperature within the sphere of about 55 K, which is 33
K below the free ing point. Unless neutronically unaceepiable, this assumption
would seem to fonn a reasonable base for subsequent design calculations. ‘The
temperature griddients in present solid muxderators is not known, but it is suspected

that they might not be o ditferent from the attached figare (see Fip 1)..
PROPOSED SYSTEM OF OPERATION

Unitormly sized spheres can theotetically be packed wacdensity of better than 73
However, tor practical purposes, an estimated density ol 6057 has been aasamed
The hydogen density of this mixture would be 0.0 atoms/A Y which is

mtermediate berween that o methane and hydiopen @Ge, 000 and O 082 atoms/A Y

Lo mansport a mved thud ot this densaty thirough prpes otk imto o moderator would
he imporcable, and <o the ealy reconrse i o pencerate the spheres wathn the
moderiator vessel “Thes would recune acoohie repon at the wop ol the vessel
outsude of the neatton tus, and Licge enoueh o freeze and coolimeonmge e
mcthane D upmd methane at 9 bowould beangected theonpeh nog gl shion e,
o natualhy torn sphere by o e teneaon Toomaintaon eepeatabadity sorld
tecpre catelul ctenten tocae b o s S daranon ol boea e nocsle dome i

Cooline e beacsphere o B theoae oot wonldb vedquone "Tobmdaed sanee the Lo



Huv s bored o 12025 midsee the nme requued i the cooling egton would be
about Vonnutes s bipure can now be used 1o paive aomethane tlow rate, and a
sphere producuon sne, which works out 1o be 230 spheres per second fora
moderator volume o I Each sphere, assuming unitormity of tlow, would then

reniin m the moderating region tor abogt 20 minutes.

Toassistasteady dow nwiard movement of the <pheres and provent block ups, a
vibriator would be attached to the moderator vessel. Such devices are diiven by pas
and operate by the oseillaton of steel ball ina circalar cell. “They are available
coramercially, though not specitically tor use at crvogenic tempetatuies, but this

should not present a problem it stainkess steel is used thioughout,

‘The above sphere production nute represents aligquid Hlow of 30 cm Ymin, which is
too low for a continuous tlow systen. It woulld be better theretore to maintain i
liquid methane How of say 150 cimYsee and pass the majority through a bypass
restrictor. A gas operated crvovalve (see Fig. 2) would admit liguad o the nozzles
as requited, and a second eryovalve in the outlet methane pipe woudd be used
duting the mitial siant up of the system as described Lter. Pulsations in the tHow of
the methane would be provided by a motor driven oscillator connected into the Hlow
hne. Topether with the hguid methane cirealator, this would produce pressune
cyveles rmnging trom zero w double the steady state pressire produced by the

circulator.

All equipment at the maderitor would obviously have to be iadiation hard mabng,

the use of moreanic materials essentnl.
CONSTRUCTION

The moderaton vessel Care Ty Y would comstitute a serheal homber st outw ad
curvang sides onaccount of the luph operating prescane oi Ty bae ab aolate - An

ddditonal hevehie ol about 2y i oneade of the peaton beam wonbd rob the Laryret
of tetlectormatenal Tabesoeae o g anon e sson at the bottom wonld vepae-ent
atunther Tosec ot abour 1 oo depeth Uotortanate s thieoe the poe e o b pondd

fow e b o ovaten o o be babane edd e v cthe nentronns parn b be oadde



Hivdropen would enter 2t the wop ot the sessel and exic thiough the end of the central
vertical tube temunating just abose the botton of the modetating region. A suamer
awcross the open tube would prevent the enuy of methane particles. Methane would
also enter at the top through a series of noszles, Fully cooled spheres would then
progress down the vessel, and be melted ol inci pool acthe bottom, 1o e drawn
olt ito the etumn pipe. The flow e of hydiogen would probably be around

500 cmYsee though this could be increased o improve the skin coetticient of heat
transter of the sphere surlaces if necessary. A heating block io raise the sphere
temperiture above *H) K would be attiched to the bottom of the vessel, using
wamed helium gas in a closed loop. Since the vessel wall would have a
temperature gridient of 65 K, a thermal break in the form of a local thinning of the
wall would be machined into the vessel. Also, the vessel would be tapered

outwatds by ~ 4 mm over its height to assist the steady fall of the spheres.
REFRIGERATION

The hydiogen retnigerator would be called upon 1o freeze and cool the nwethane
spheres, and also 1o remove nuclear heating during moderation. ‘The caleulated total
losd at 25 K would be about S10 W, The miethane heat load would only represent
transport fosses plus losses incunted during puritication, i.e. 200 W at 95 K. This
heat Toad would probably be remoeved by the samwe tefrigerator by tapping into the

circuit at an cather stape, see Fip. 4.
INSTALDL ATION AND OPERATION

The complete system woukd involve a complex of sevenal teed and retam loops, In
akhion wathe hydropen and methane sy stems, there would also be helium pas

sipplies to the warnmmy block, the crvopeme valves and the vilaatorn ot

Lhe mont ditticudt operaon would be thatof il statnp The twocnvorenn
rctiune valve s wonhd renan chat, thomeh te methane coowmt conbd be coobed
throwy e bypaees wlalen the tall commplome ot ot bivdressen at Ty bowcabs alate and

Sobowa venenated The methaoe et valve soonld s be opeped swoth the



0.

pulsater operating, and the spheres tonned. A caretul cheek on the medane pas
added together with a cheek on the hydrogen displaced would enable @ pood
eviluation to be made ol the progress. When "tull”, the exit remn methane valve
would be opened. Contitmation of the existence of & pool ot liuid at the bottom
would be provided by a thermocouple able to differentiate liguid from pas, or,
perhaps a platinum themometer mounted vedically could actually measure the
depth of liquid. Once the system was operational, the inlet valve would be opened
and closed automatically in response 1o the liquid methane pressure, or the liguid
level indicator. Under nomal operation, liguid would prevent any hydrogen
entenng the nwethane exit, but duting start up, any hydiogen penctrating the

methiane would be expelled as gas, at 95 K at the refrigerator end oi the system,
DEVELOPMENT

The design of such a system could only be entertained with the back up of
vonsiderable experimentation. Initial work on sphere formation could be readily
carried out using water in liguid nitrogea. "This would ultimately have its limitations
as the spheres would have a density of about 0.9 gims/cm Y in a fluid of 0.8
gms/em? density. ‘The density of solid methane is 0,522 gms/em? and that of
supereritical hydrogen only 00609 gms/cm®, and further work could be done using
water in helium gas at 25 K and 10 b absolute with a density of 0.025 pins/em.

Finally, methane in heliom would give aclose approxination of the tue thiid staite.
CONCLUSION

The overall challenpe would be of a aph onder, but what calcutations have been
done indicate that thetmodymamically such a systemis feasible, 1ieilized, such a
svatem would provide sipmbicant improvements in the shape of the neatron palse

wWhichos desired tor pulsed sowee dittactometens,
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